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ABSTRACT

A method for producing a catheter (100) having a plurality of
axially spaced apart electrodes (5) towards a distal end (4) of
the catheter (100) comprises forming the electrodes (5) from
a single sheet (110) of electrically conductive foil material by
forming spaced apart slots (111) in the sheet material to define
a plurality of spaced apart electrically conductive elements
(114) extending transversely between spaced apart elongated
connecting portion (112,113). The electrically conductive
elements (114) subsequently form the electrodes (5), and are
retained spaced apart by the connecting portions (112,113)
until bonded to the catheter (100). Electrically conductive
wires (10) electrically coupled to the electrically conductive
elements (114) extend through an elongated slot (105) into
and along an axial communicating bore (9) to a proximal end
(3) of the catheter (100). Two pieces of double-sided adhesive
tape (118) bonded to the electrically conductive elements
(114) in turn bond the electrically conductive elements (114)
to the catheter (100). After entering the wires (10) into the
axial communicating bore (9) the electrically conductive ele
ments (114) with the double-sided tape (118) are wrapped
around the catheter (100) and are severed from the connecting
portions (112,113). Free ends (115) of the electrically con
ductive elements (114) abut each other to form the electrodes
(5) as band electrodes.
20 Claims, 11 Drawing Sheets
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2
U.S. Pat. No. 6,882,879 of Rock discloses an electrode

CATHETER AND AMETHOD FOR
PRODUCING A CATHETER

The present invention relates to a catheter and to a method
for producing a catheter, and in particular, though not limited
to a catheter and a method for producing a catheter of the type
comprising a plurality of mutually electrically insulated axi
ally spaced apart electrodes located towards a distal end of the
catheter, and the catheter may or may not comprise an
expandable member located adjacent the distal end thereof.
Such catheters are used in many medical and Surgical pro
cedures. Whether the catheter is provided with an expandable
element or otherwise, Such catheters are commonly used to
perform a physical measurement, for example, to determine

10

balloon is inflated, and the transverse cross-sectional area

thereof at predefined locations.

the volume of a vessel within which the catheter is located, to

15

2006/090351, and U.S. Pat. Nos. 5,069,215, 6,032,061,
6,440,488 and 6,882,879.
U.S. Pat. No. 5,069,215 of Jadvar, etal discloses a catheter

25

determine the compliance of a sphincter or other Such organ
by the use of pressure measurement or dimensional measure
ments, to ablate tissue and the like from, for example, alumen
Such as an oesophagus, which may be occluded or partly
occluded by cancerous growth or pre-cancerous growth of the
tissue, to open an occlusion formed in a lumen, by, for
example, a cancerous growth of tissue or a pre-cancerous
growth thereof. Such catheters are disclosed, for example, in
PCT Published Patent Application Specification No. WO
which is provided with a single use disposable oesophageal
electrode structure located at a distal end thereof. The elec

trode structure comprises a planar sheet body member which
carries a plurality of spaced apart electrically conductive elec
trode members, and a plurality of conducting members are
coupled to the body member, and each conducting member is
in turn coupled to a corresponding one of the respective
electrodes. The conducting members extend from the elec
trode structure along the outer surface of the catheter to the
distal end thereof, and free ends of the conducting members
terminate in an electrical connector for connecting the elec
trodes to external electronic control and analysing apparatus.
A layer of adhesive is provided on the sheet body member for
releasably securing the sheet body member, and in turn the
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U.S. Pat. No. 6,440,488 of Griffin, et al discloses an elec

around the outer surface of the catheter to form the electrodes.

producing a catheter which addresses at least some of the
problems of known catheters.
The present invention is directed towards a catheter and a
method for producing a catheter.
According to the invention there is provided a method for
producing a catheter with at least one electrode thereon, the
method comprising forming each electrode from an electri
cally conductive element, and bonding each electrically con
ductive element to the catheter to form the electrode thereon.

55

electrodes.

trode catheter which comprises a plurality of spaced apart
electrodes located at a distal end thereof. Electrically conduc
tive wires extend through the catheter from the proximal end
thereofand extend through spaced apart radial openings in the
catheter towards the distal end thereof. The portions of the
wires extending through the radial openings are wrapped

disadvantage that the electrically conductive members which
electrically connect the electrodes to external control and
analysing apparatus are located externally of the catheter, and
thus, can result in discomfort to the subject. There is also a
danger of the electrically conductive members becoming
detached from the catheter with serious consequences. The
catheter disclosed in PCT Specification No. WO 2006/
090351 is also a relatively complex device and its manufac
ture is a relatively time consuming process.
There is therefore a need for a catheter and a method for

U.S. Pat. No. 6,032,061 of Kobelish discloses an electrode

catheter comprising a plurality of spaced apart ring electrodes
located at the distal end thereof. A plurality of electrically
conductive bands are printed onto the catheter adjacent the
locations to which the ring electrodes are to be located. Elec
trically conductive wires extending through a lumen in the
catheter extend through radial openings in the catheter, and
skived ends of the wires are folded to lie along the printed
electrically conductive bands. The ring electrodes are then
slid over the electrically conductive bands to engage the
skived ends of the wires between the printed electrically
conductive bands and the corresponding ring electrodes for
providing electrical continuity between the wires and the

All the above electrode catheters suffer from various dis

advantages. The electrode catheter disclosed in U.S. Pat. No.
6,882,879 is a particularly complex structure, and includes
many components, all of which have to be assembled
together. Thus, the manufacture of the electrode catheter of
U.S. Pat. No. 6,882,879 is a relatively complex and time
consuming task. The electrode catheter disclosed in U.S. Pat.
No. 6,440,488 is also a relatively difficult and complex cath
eter to assemble, and furthermore, there is a danger of the free
end of the wires which are wrapped around the outer surface
of the catheter extending radially from the catheter with the
potential to cause injury to a subject. The electrode catheter
disclosed in U.S. Pat. No. 6,032,061 is also a relatively com
plex structure to assemble, and the assembly thereof is a
relatively time consuming task. Additionally, by virtue of the
fact that the ring electrodes are located on the surface of the
catheter, the ring electrodes sit significantly proud of the
catheter, and can result in discomfort to a subject. The elec
trode catheter of U.S. Pat. No. 5,069,215 suffers from the

electrodes to the catheter at the distal end thereof. The elec

trode structure of the oesophageal catheter is provided to be
disposable, and after use is removed from the distal end of the
catheter and replaced by a new electrode structure.

catheter comprising a plurality of spaced apart electrodes
located towards a distal end thereof. A plurality of electrically
conductive wires extend through the catheter from the elec
trodes to the proximal end thereof. The electrodes are located
between spacers which form part of the catheter.
PCT Specification No. WO 2006/090351 discloses an elec
trode catheter having an inflatable balloon located at a distal
end thereof with the catheter extending through the balloon. A
plurality of spaced apart electrodes are located on the catheter
within the balloon for determining the volume to which the

60

Preferably, the electrically conductive elements are bonded
to the catheter by progressively wrapping the electrically
conductive elements around the catheter. Advantageously,
each electrically conductive element is bonded to the catheter
by an adhesive. Preferably, each electrically conductive ele
ment is at least partially coated with an adhesive.
In one embodiment of the invention each electrically con
ductive element is at least partially coated with a self-adhe
sive coating.
In another embodiment of the invention the adhesive is

65

provided by a double-sided adhesive tape. Preferably, the
double-sided adhesive tape is bonded to the corresponding
electrode prior to bonding to the catheter.
In one embodiment of the invention each electrically con
ductive element is of an electrically conductive foil material.
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adhesive tape. Preferably, the at least one elongated piece of
double-sided adhesive tape is located on the electrically con

3
Preferably, a plurality of electrically conductive elements
are formed from a single sheet of the electrically conductive
foil material to produce corresponding electrodes. Advanta
geously, the foil material is of thickness up to 200 microns.
Ideally, the foil material is of thickness in the range of 35

ductive elements to at least one side of the locations at which

microns to 50 microns.

Preferably, the electrically conductive elements are formed
from the single sheet of electrically conductive foil material
prior to being bonded to the catheter.
Advantageously, adjacent ones of the electrically conduc
tive elements are joined by respective connecting portions of
the sheet of electrically conductive foil material. Preferably,
the connecting portions extend between the respective adja
cent ones of the electrically conductive elements intermediate
the ends thereof. Advantageously, the connecting portions
form an elongated connecting portion, and the electrically
conductive elements extend transversely from the elongated
connecting portion at spaced apart intervals therefrom.
Ideally, a pair of spaced apart elongated connecting por
tions are provided and the electrically conductive elements
extend transversely between the elongated connecting por

10

15

tions.

In one embodiment of the invention each electrically con
ductive element is severed from at least one of the connecting
portions connecting the electrically conductive element to an
adjacent one of the electrically conductive elements Subse
quent to the electrically conductive elements being bonded to
the catheter. Alternatively, each electrically conductive ele
ment is severed from at least one of the connecting portions
connecting the electrically conductive element to an adjacent
one of the electrically conductive elements prior to the elec
trically conductive element being bonded to the catheter.
In one embodiment of the invention each electrically con
ductive element is electrically coupled to a corresponding
electrically conductive wire.
In one embodiment of the invention each electrically con
ductive element is coupled to the corresponding electrically
conductive wire prior to the electrically conductive element
being bonded to the catheter. Alternatively, each electrically
conductive element is coupled to the corresponding electri
cally conductive wire Subsequent to the electrically conduc
tive element being bonded to the catheter.
Preferably, each electrically conductive wire is electrically
coupled to the corresponding electrically conductive ele
ments by one of soldering, welding, induction welding, ultra
Sonic welding and bonding by an electrically conductive
adhesive. Advantageously, the electrically conductive wires
are mutually insulated from each other.
Advantageously, each electrically conductive wire is
coupled to the corresponding electrically conductive element
at a location intermediate the ends of the electrically conduc

25
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the corresponding electrically conductive wires are coupled
thereto. Advantageously, two elongated pieces of the double
sided adhesive tape are located on the electrically conductive
elements on respective opposite sides of the locations at
which the corresponding electrically conductive wires are
coupled thereto.
Ideally, the respective electrically conductive elements
extend transversely relative to each elongated piece of
double-sided adhesive tape.
In one embodiment of the invention each elongated piece
of double-sided adhesive tape is bonded to the catheter prior
to being bonded to the electrically conductive elements.
Alternatively, each elongated piece of double sided adhesive
tape is bonded to the electrically conductive elements prior to
being bonded to the catheter.
Preferably, a releasable protective sheet is provided over
the adhesive surface of the double-sided adhesive tape to be
bonded to the catheter. Advantageously, the releasable pro
tective sheet is progressively removed from each elongated
piece of double-sided adhesive tape as the double-sided adhe
sive tape is being bonded to the catheter.
Ideally, the electrically conductive elements are progres
sively bonded to the catheter by progressively wrapping the
electrically conductive elements around the catheter from the
respective locations at which the electrically conductive
wires are coupled to the corresponding electrically conduc
tive elements.
In another embodiment of the invention an axial commu

nicating bore is formed in the catheter extending from a
proximal end thereof to a location adjacent the at least one
electrode for accommodating at least a corresponding one of
the electrically conductive wires to the proximal end of the
catheter, and at least one radial communicating opening is
formed extending through the catheter adjacent the at least
one electrode for accommodating at least the corresponding
one of the electrically conductive wires from the correspond
ing one of the electrically conductive elements into the axial
communicating bore.
Preferably, the at least one radial communicating opening
extending through the catheter accommodates a plurality of
the electrically conductive wires from respective correspond
ing ones of the electrically conductive elements into the axial
communicating bore. Advantageously, the radial communi
cating opening is formed by an elongated slot in the catheter.
Ideally, the elongated slot forming the radial communicating
opening extends Substantially longitudinally along the cath
eter adjacent the electrically conductive elements from which
the corresponding electrically conductive wires are to be

tive element.

accommodated.

Ideally, the location at which each electrically conductive
wire is coupled to the corresponding electrically conductive
element is spaced apart from the respective ends thereof.
Preferably, each electrically conductive element is bonded

Preferably, the electrically conductive wires are passed
into the axial communicating bore through the at least one
first radial communicating opening prior to bonding of the
electrically conductive elements to the catheter. Advanta
geously, each electrically conductive wire is electrically
coupled to the corresponding electrically conductive element
on a surface of the electrically conductive element which is
adjacent the catheter when the electrically conductive ele

55

to the catheter intermediate the location at which the corre

sponding electrically conductive wire is coupled thereto and
at least one end of the electrically conductive element.
Ideally, each electrically conductive element is bonded to

60

the catheter intermediate the location at which the corre

ment is bonded to the catheter.

sponding electrically conductive wire is coupled thereto and
the respective opposite ends of the electrically conductive

In one embodiment of the invention each electrically con
ductive wire is electrically coupled to the corresponding one
of the electrically conductive elements prior to the electrically
conductive wire being entered into the axial communicating
bore. Alternatively, each electrically conductive wire is elec
trically coupled to the corresponding one of the electrically

element.

In one embodiment of the invention a plurality of the
spaced apart electrically conductive elements are bonded to
the catheter by at least one elongated piece of double-sided

65
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5
conductive elements Subsequent to the electrically conduc
tive wire being entered into the axial communicating bore.
Preferably, a free end of each electrically conductive wire
is trapped between the corresponding one of the electrically

In an alternative embodiment of the invention each electri

cally conductive element is of a semi-rigid electrically con
ductive material. Preferably, each electrically conductive ele
ment is secured to the catheter by crimping of the electrically

conductive elements and the catheter.

In another embodiment of the invention each electrically
conductive wire is electrically coupled to the corresponding
one of the electrically conductive elements by the adhesive
bonding the electrically conductive element to the catheter.
In a further embodiment of the invention each electrically
conductive wire is electrically coupled to the surface of the
corresponding electrically conductive element remote from
the catheter subsequent to the electrically conductive element
being bonded to the catheter.
In another embodiment of the invention a wire accommo

conductive element to the catheter.
In one embodiment of the invention an axial medium

10

15

dating opening extends through each electrically conductive
element for accommodating a corresponding one of the elec
trically conductive wires therethrough, and the corresponding
electrically conductive wire is electrically coupled to a sur
face of the electrically conductive element which is remote
from the catheter when the electrically conductive element is
bonded to the catheter.

Preferably, an insulating material on each electrically con
ductive wire is removed adjacent the corresponding distal end
thereof for facilitating electrical coupling of the electrically
conductive wire to the corresponding one of the electrically

25

to the outer surface of the catheter.

conductive elements.

In one embodiment of the invention each electrically con
ductive wire is electrically coupled to the corresponding one
of the electrically conductive elements by an electrically con

30

ductive adhesive.

In another embodiment of the invention the electrically
conductive wires are integrally formed with the catheter. Pref
erably, the electrically conductive wires are integrally formed
in a wall of the catheter. Advantageously, the electrically
conductive wires are helically wound around and within the
catheter wall. Ideally, the electrically conductive wires are
integrally formed in and helically wound around the catheter
with a relatively long pitch. Preferably, the electrically con
ductive wires are one of integrally moulded and extruded with
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Ideally, two elongated pieces of double-sided adhesive
tape are located between the electrically conductive elements
and the catheter and intermediate the locations at which the
55

60

Preferably, the adhesive with which each electrically con
tive adhesive, a pressure sensitive adhesive and a temperature
sensitive adhesive.

electrically conductive wires are coupled to the electrically
conductive elements and the respective opposite ends of the
respective electrically conductive elements.
In one embodiment of the invention an axial communicat

adhesive.
ductive element is bonded to the catheter is one of a conduc

corresponding electrically conductive wire is coupled to the
electrically conductive element and the respective opposite
ends of the electrically conductive element.
Advantageously, a plurality of the electrically conductive
elements are bonded to the catheter by at least one elongated
piece of double-sided adhesive tape located between the elec
trically conductive elements and the catheter and intermedi
ate the locations at which the electrically conductive wires are
coupled to the electrically conductive elements and at least
one of the respective opposite ends of the respective electri
cally conductive elements, the electrically conductive ele
ments extending transversely of the double sided adhesive
tape.

from each other.
In one embodiment of the invention the adhesive with

which each electrically conductive element is bonded to the
catheter is an electrically conductive adhesive. Alternatively,
the adhesive with which each electrically conductive element
is bonded to the catheter is an electrically non-conductive

conductive element.

Preferably, the adhesive is provided on each electrically

the catheter.

In another embodiment of the invention each electrically
conductive element is of length sufficient to form the corre
sponding electrode as a band electrode extending completely
around the catheter with one end of the electrically conduc
tive element overlapping the opposite end thereof.
Preferably, the electrically conductive elements when
bonded to the catheter are mutually electrically insulated

Preferably, each electrode comprises an elongated electri
cally conductive element.
In one embodiment of the invention the adhesive is pro
vided on each electrically conductive element intermediate
the location at which the corresponding electrically conduc
tive wire is coupled to the electrically conductive element and
at least one of the respective opposite ends of the electrically
conductive element intermediate the location at which the

the catheter.

In one embodiment of the invention each electrically con
ductive element is of length sufficient to form the correspond
ing electrode as a band electrode extending at least partly
around the catheter. Preferably, each electrically conductive
element is of length sufficient to form the corresponding
electrode as a band electrode extending completely around

accommodating bore is formed in the catheter extending axi
ally from the proximal end thereof for accommodating a
medium with fluid-like characteristics from the proximal end
of the catheter towards the distal end thereof. Preferably, at
least one radial medium accommodating bore is formed in the
catheter extending radially through the catheter from the axial
medium accommodating bore and communicates therewith
for accommodating the medium with fluid-like characteris
tics into and out of the axial medium accommodating bore.
The invention also provides a catheter extending between a
proximal end and a distal end and comprising at least one
electrically conductive electrode located on an outer surface
of the catheter, the at least one electrode being bonded to the
outer surface of the catheter by the method as claimed in any
preceding claim.
Further the invention provides a catheter extending
between a proximal end and a distal end and comprising at
least one electrically conductive electrode located on an outer
surface of the catheter, the at least one electrode being bonded

65

ing bore extends axially in the catheter from a proximal end
thereof to a location adjacent the electrodes for accommodat
ing the electrically conductive wires therethrough, and at
least one radial communicating opening extends through the
catheter from the axial communicating bore adjacent the elec
trodes for accommodating at least a corresponding one of the
electrically conductive wires from the axial communicating
bore to the corresponding one of the electrically conductive
elements. Preferably, the at least one radial communicating

US 8,756,806 B2
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opening accommodates a plurality of the electrically conduc
tive wires to corresponding ones of the electrically conductive
elements.

Advantageously, the radial communicating opening is
formed by an elongated slot in the catheter. Preferably, the
elongated slot forming the radial communicating opening
extends Substantially longitudinally along the catheter adja
cent the electrically conductive elements to which the corre
sponding electrically conductive wires are to be accommo
dated.

In one embodiment of the invention the respective pieces of
double-sided adhesive tape are located on respective opposite
sides of the radial communicating opening and extend longi
tudinally along the catheter. Preferably, the double-sided
adhesive tape is non-electrically conductive.
In one embodiment of the invention a wire accommodating
opening extends through each electrically conductive ele
ment for accommodating a corresponding one of the electri
cally conductive wires therethrough, and the electrically con
ductive wire is electronically coupled to the electrically

5

10

electrodes is located.
In another embodiment of the invention the catheter is
15

In a further embodiment of the invention the catheter is

conductive element to the surface thereof remote from the

In one embodiment of the invention the electrically con
ductive wires are mutually insulated from each other. Advan
tageously, each electrically conductive wire is coated with an
electrically insulating coating.
In one embodiment of the invention each electrically con
ductive element forms the corresponding electrode as a band
electrode extending at least partly around the catheter. Pref
erably, each electrically conductive element forms the corre
sponding electrode as a band electrode extending completely
around the catheter. Advantageously, each electrically con
ductive element forms the corresponding electrode as a band
electrode extending completely around the catheter with one
end of the electrically conductive element overlapping the
opposite end thereof.
Preferably, a plurality of electrically mutually insulated
axially spaced apart electrodes are bonded to the outer Surface

located.
In a still further embodiment of the invention the catheteris
25

In another embodiment of the invention the catheter is
lumen.
In a further embodiment of the invention the catheter is
30

35
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In one embodiment of the invention each radial communi

cating opening extends through the catheter beneath the cor
responding electrode.
Preferably, the electrodes are located on the catheter

50

towards the distal end thereof.

In one embodiment of the invention an expandable element
is located on the catheter adjacent the electrodes, the expand
able element defining a hollow interior region, and the elec
trodes being located on the catheter within the hollow interior
region defined by the expandable element. Preferably, the
catheter extends through the hollow interior region of the
expandable element. Advantageously, the expandable ele
ment is provided by an inflatable element. Ideally, the radial
medium accommodating bore communicates the hollow inte
rior region of the expandable element with the axial medium
accommodating bore for accommodating an inflating
medium to the expandable element for inflating thereof.
In another embodiment of the invention the expandable
element comprises a balloon.

adapted for use in determining the Volume of a hollow organ,
vessel or the like within which the portion of the catheter
comprising the electrodes is located.
adapted for use in a procedure for ablating a stricture in a

of the catheter.

Advantageously, a double-sided adhesive tape is located
between each electrically conductive element and the outer
surface of the catheter for bonding the electrically conductive
element to the catheter. Advantageously, the double-sided
adhesive tape extends between adjacent ones of the electri
cally conductive elements.

adapted for use in determining the transverse cross-sectional
area of a hollow organ, vessel or the like within which the
portion of the catheter comprising the electrodes is located.
adapted for use in determining the Volume of a lumen within
which the portion of the catheter comprising the electrodes is

catheter. Preferably, the wire accommodating opening
extending through each electrode is aligned with a corre
sponding one of the radial communicating openings in the
catheter.

8
In another embodiment of the invention the expandable
element when inflated defines a cylinder.
In a further embodiment of the invention the expandable
element when inflated defines a central longitudinally extend
ing axis Substantially coinciding with a corresponding longi
tudinally extending axis of the catheter.
In a still further embodiment of the invention the expand
able element is coated with a low friction coating. Preferably,
the catheter is coated with a low friction coating.
In one embodiment of the invention the catheter is adapted
for use in determining the transverse cross-sectional area of a
lumen within which the portion of the catheter comprising the

55

60
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adapted for use in a procedure for ablating tissue in a hollow
organ or vessel.
Preferably, each electrode extends transversely across the
radial communicating opening in the catheter.
The advantages of the invention are many. The method for
producing the catheter provides a relatively inexpensive and
simple procedure for producing a catheter, which requires
little manufacturing time. By bonding the electrodes to the
catheter, a simple, inexpensive and relatively quick method is
provided for producing the catheter. By forming the elec
trodes from a sheet of foil material whereby prior to being
secured to the catheter the electrodes are retained spaced apart
by connecting portions of the foil extending between the
electrodes, or by an elongated connecting portion from which
the electrodes extend in spaced apart relationship, the elec
trodes can be attached to the catheter in a single operation.
This significantly reduces the time required for assembling
the electrodes to the catheter, and furthermore, by virtue of
the fact that the electrodes are formed by the electrically
conductive elements which are retained spaced apart by the
connecting portions or by a single elongated connecting por
tion, the electrodes are accurately spaced apart from each
other when secured to the catheter. Additionally, by securing
the electrodes to the catheter by double-sided adhesive tape, a
particularly efficient method for assembling and securing the
electrodes to the catheter is provided.
Additionally, by providing the electrodes of foil material,
and in particular, foil material of thickness not greater than
200 microns, and preferably, of thickness in the order of 35
microns to 50 microns, aparticularly advantageous catheteris
provided. By providing the electrodes of such foil material,
the catheter provides a Substantially constant longitudinal
cross-sectional profile along its length, including along its
length on which the electrodes are provided. The electrodes
being of such relatively thin material add virtually no addi
tional thickness to the catheter, and therefore, the catheter is

effectively free of steps or bumps, which could otherwise
Snag on equipment through which the catheter is being

US 8,756,806 B2
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passed, or on a side wall of a lumen or vessel through which
the catheter is being urged. Furthermore, by providing the
electrodes of such relatively thin foil material, the electrodes
when bonded to the catheter are relatively flexible, and thus,
flex with flexing of the catheter, and do not inhibit flexing of
the catheter. Indeed, by providing the electrodes of such rela
tively thin foil material, the catheters can be produced of
relatively small cross-section, typically, down to 2 mm in
diameter, and typically, of diameter in the range of 2 mm to 7
mm. Furthermore, by producing the catheter with the method
according to the invention whereby the electrodes are formed
of electrically conductive elements which are joined by con
necting portions, the method is particularly Suitable for use
with catheters of relatively small diameter in the range of 2
mm to 7 mm.

Ideally, the width of each electrode in the longitudinal
direction of the catheter ranges from 1 mm to 5 mm. Addi
tionally, by forming the electrodes from a single sheet of foil
material whereby the electrodes are formed by the elongated
electrically conductive elements which are joined by connect
ing portions or an elongated connecting portion, or two elon
gated connecting portions at respective opposite ends of the
electrically conductive elements, the electrically conductive
elements can be readily easily electrically coupled to the
corresponding electrically conductive wires by any Suitable
electrical coupling, for example, soldering, welding or adhe
sive bonding.
By providing the radial communicating opening in the
catheter as an elongated longitudinally extending slot for
accommodating the electrically conductive wires from the
catheters, the wires can be initially electrically coupled to the
underside of the electrodes, namely, the surface of the elec
trodes which is adjacent the catheter prior to assembling the
electrodes to the catheter, and the wires can be readily easily
inserted through the elongated slot into the first axial com
municating bore of the catheter and then urged through the
first axial communicating bore to the proximal end thereof
prior to securing the electrodes to the catheter.
The invention will be more clearly understood from the
following description of some preferred embodiments
thereof, which are given by way of example only, with refer
ence to the accompanying drawings, which are not to scale,

10
FIG. 12 is a perspective view of a distal end portion of
another catheter also according to the invention,
FIG. 13 is a perspective view of a portion of the catheter of
FIG. 12,
5

invention,
10

FIG. 4 is a transverse cross-sectional side elevational view

FIG. 17 is another perspective view of the portion of FIG.
16,
15

FIG.20 is a transverse cross-sectional end elevational view

of the catheter of FIG. 15 being assembled,
FIG.21 is a transverse cross-sectional end elevational view

similar to FIG. 20 of the catheter of FIG. 15 also being
assembled,
FIG.22 is a transverse cross-sectional end elevational view

of the catheter of FIG. 15,
FIG.23 is a transverse cross-sectional end elevational view
25
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ablating cancerous or otherwise infected tissue in a hollow
organ, for example, the oesophagus, or other such organ,
vessel or the like. The use of catheters in determining trans
verse cross-sectional area and/or Volume of a hollow organ or
for ablating tissue will be well known to those skilled in the

50 art.

Each electrode 5 in this embodiment of the invention is

55

of the catheter of FIG. 5,

FIG. 7 is a perspective view of a distal end portion of a
catheter according to another embodiment of the invention,
FIG. 8 is an enlarged perspective view of a portion of the
60

FIG. 9 is a perspective developed view of another portion

of the catheter of FIG. 7,

FIG. 10 is a top plan view of the portion of FIG. 9 being

formed,

catheters of FIGS. 1 to 10,

view of the portion of the catheter of FIG. 24.
Referring to the drawings and initially to FIG. 1, there is
illustrated a catheter according to the invention, indicated
generally by the reference numeral 1, which is produced by a
method also according to the invention. The catheter 1 is of an
extruded polymer material and extends from a proximal end
3 to a distal end 4, and comprises a plurality of axially spaced
apart electrodes 5 located on an outer surface 6 of the catheter
1 adjacent the distal end 4. Although in FIG. 1 only two
electrodes 5 are illustrated, many more electrodes similar to
the two electrodes 5 illustrated are provided, and in this par
ticular embodiment of the invention twenty electrodes are
provided. The electrodes 5 may be provided for many uses,
for example, for use in determining the cross-sectional area or
Volume of a lumen, a hollow organ, Vessel or the like, into
which the distal end 4 of the catheter 5 is inserted or for
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FIG. 5 is a view similar to FIG. 1 of a portion of a catheter
according to a still further embodiment of the invention,

FIG. 11 is a perspective developed view of a portion of a
catheter which may be used in connection with any of the

of a portion of the catheter of FIG. 15,
FIG. 24 is a side elevational view of a portion of a catheter
according to a still further embodiment of the invention, and
FIG. 25 is a transverse cross-sectional side elevational

the invention,

catheter of FIG. 7,

FIG. 18 is an end elevational view of the portion of FIG. 17,
FIG. 19 is a perspective view of another portion of the
catheter of FIG. 15,

of a portion of a catheter according to another embodiment of
FIG. 6 is a transverse cross-sectional end elevational view

FIG. 15 is a side elevational view of a portion of a catheter
according to a further embodiment of the invention,
FIG.16 is a perspective view of a portion of the catheter of
FIG. 15,

and in which:
FIG. 1 is a transverse cross-sectional side elevational view

of a portion of a catheter according to the invention,
FIG. 2 is a view similar to FIG. 1 of a portion of a catheter
according to another embodiment of the invention,
FIG. 3 is a view similar to FIG. 1 of a portion of a catheter
according to a further embodiment of the invention,

FIG. 14 is a perspective view of a distal end portion of
another catheter according to another embodiment of the
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formed by an electrically conductive element, which in this
case comprises an elongated Strip of electrically conductive
tape 7 having an adhesive backing 8 which bonds the electri
cally conductive tape 7 onto the outer surface 6 of the catheter
1. The electrically conductive tape 7 extends completely
around the catheter 1 to form a band electrode, and preferably,
is of thickness in the range of 35 microns to 50 microns. Any
suitable electrically conductive tape may be used, however, in
this embodiment of the invention the adhesive backed elec

trically conductive tape 7 is, for example, conductive Elec
tromask Tape sold by Laird Technologies of St Louis, Mo.,
United States of America. The adhesive backing on the tape 7
is a contact adhesive, and may be electrically conductive or
non-electrically conductive. In this embodiment of the inven
tion the electrical conductivity or otherwise of the adhesive
backing on the tape 6 is not important.

US 8,756,806 B2
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Anaxial communicating bore 9 extends axially through the
catheter 1 from the proximal end 3 to the distal end 4 thereof
for accommodating electrically conductive means, namely, a
plurality of insulated electrically conductive wires 10 which
are electrically coupled to the electrodes 5. One electrically
conductive wire 10 is provided for each electrode 5. Radial
communicating openings 12 extend radially through the cath
eter 1 from the axial communicating bore 9 for accommodat
ing the wires 10 therethrough to the respective corresponding
electrodes 5. Each wire 10 is electrically coupled to the tape
7 of the corresponding electrode 5 to an outer surface of the
tape 7, namely, the surface of the tape 7 remote of the catheter
1 by an electrically conductive adhesive 14. Prior to coupling
the wires 10 to the electrodes 5 by the adhesive 14, insulation
is skived from the distal ends of the wires 10. The wires 10

extend from the electrodes 5 through the corresponding radial
communicating openings 12, and in turn through the axial
communicating bore 9 to the proximal end 3 thereof, and
extend outwardly from the proximal end 3 for coupling to
electronic control and analysing apparatus (not shown) of the
type which will be well known to those skilled in the art.
Alternatively, the distal ends of the wires 10 may be coupled
to the electrodes 5 by Soldering, welding, induction welding,
ultrasonic welding or any other Suitable electrical coupling
means, and in the case of soldering and welding, the insula
tion on the wires 10 is sufficiently thin such that the insulation
would melt during soldering or welding, thereby obviating

12
radial communicating openings 12 and urged along the axial
communicating bore 9 until they exit the proximal end 3 of
the bore 9. The distal ends of the wires 10 are skived and
5

10

The main difference between the catheter 20 and the catheter
15

25

the need to skive the ends of the wires 10.

An axial medium accommodating bore 16 extends axially
through the catheter 1 from the proximal end 3 thereof to the
distal end 4 for accommodating a fluid therethrough. A plu
rality of radial medium accommodating bores 17 extends
through the catheter 1 adjacent the distal end 4 thereof and
communicates with the axial medium accommodating bore
16 for accommodating fluid into or out of the axial medium
accommodating bore 16. The catheter 1 terminates at its distal
end in an epoxy plug 18 of hemispherical shape which seals
the distal end of the axial communicating bore 9 and the axial
medium accommodating bore 16. Alternatively, the distal tip
of the catheter 1 may be melted to seal the distal ends of the
bores 9 and 16. The axial and radial medium accommodating
bores 16 and 17 may be used for delivering a fluid to a hollow
organ into which the catheter 1 has been inserted, for
example, an electrically conductive medium, Such as an elec
trically conductive saline solution, which may be used for
determining the cross-sectional area of the organ or the Vol
ume thereof, and additionally or alternatively the secondaxial
and radial medium accommodating bores 16 and 17 may be
used for withdrawing a fluid from the hollow organ, such as a
sample of body fluid.
Depending on the use to which the catheter 1 is to be put,
the catheter is inserted into a hollow organ or vessel of a
Subject. The organ or vessel may be any organ, for example,
the oesophagus, the colon, intestine, urethra, an artery, vein, a
cavity of the heart, the lung or the like. The wires 10 of the
catheter 1 are coupled to the electronic control and analysing
apparatus (not shown), and if appropriate, a fluid is delivered
to the organ or removed therefrom through the second axial
with the axial bores 9 and 16 extending therethrough. The
radial openings 12 and the radial bores 17 are drilled into the
respective axial bores 9 and 16, respectively. The electrically
conductive tapes 7 are wrapped around the catheter 1 at
appropriate axial spacings adjacent the bores 12, and bonded
thereto by the adhesive backing 8. The wires 10 are passed
into the axial communication bore 9 through the respective

1 is in the coupling of the wires 10 to the tapes 7 of the
respective electrodes 5. In this embodiment of the invention
the tapes 7 of the respective electrodes 5 extends around the
catheter 1 over the radial communicating openings 12 and the
skived ends of the wires 10 are entrapped between the corre
sponding tapes 7 and the catheter 1. In this case the adhesive
backing 8 on the tapes 7 is an electrically conductive contact
adhesive for electrically coupling the skived ends of the wires
10 to the tapes 7.
To assemble the catheter 20 according to this embodiment
of the invention the wires 10 are passed through the radial
communicating openings 12 into the axial communicating
bore 9 and urged through to the proximal end 3. The ends of
the wires 10 extending from the radial communicating open
ings 12 are skived and folded over to lie longitudinally along
the outer surface 6 of the catheter 20. The adhesive backed
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tape 7 forming each electrode 5 is then wrapped around the
catheter 1 over the corresponding radial communicating
opening 12 with the skived end of the corresponding wire 10
entrapped between the tape 7 and the catheter 20 with the wire
10 electrically coupled to the tape 7 by the electrically con
ductive backing adhesive 8.
Although for convenience an axial medium accommodat
ing bore and radial medium accommodating bores have not
been illustrated in the catheter 20, such bores, if desired, may
also be provided.
Otherwise, the catheter 20 is similar to the catheter 1.

40

Referring now to FIG. 3, there is illustrated a catheter 30
according to another embodiment of the invention. The cath
eter 30 is substantially similar to the catheter 1, and similar
components are identified by the same reference numerals.
The main difference between the catheter 30 and the catheter
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and radial bores 16 and 17.

To manufacture the catheter 1, the catheter 1 is extruded

electrically coupled to the respective adjacent tapes 7 to the
outer surface thereof by the electronically conductive adhe
sive 14. The distal ends 4 of the bores 9 and 16 are sealed by
the epoxy plug 18.
Referring now to FIG. 2, there is illustrated a catheter 20
according to another embodiment of the invention. The cath
eter 20 is substantially similar to the catheter 1 and similar
components are identified by the same reference numerals.

1 is that the adhesive backed tape 7 of each electrode 5 is
located over the corresponding radial communicating open
ing 12, and is provided with a wire accommodating opening
31 extending therethrough. The wire accommodating open
ing 31 of each electrode 5 is aligned with the corresponding
radial communicating opening 12 for accommodating the
corresponding wire 10 therethrough to an outer surface 32 of
the tape 7. The skived ends of the wires 10 are folded over and
electrically coupled to the outer surface 32 of the correspond
ing tape 7 by an electrically conductive adhesive 33, which
typically closes the wire accommodating opening 31 of the
corresponding tape 7. In this embodiment of the invention the
electrically conductive tape 7 may be adhesive backed with an
electrically conductive or a non-electrically conductive adhe
S1V.

60

Although for convenience an axial medium accommodat
ing bore and radial medium accommodating bores have not
been illustrated in the catheter 30, such bores, if desired, may
also be provided.
Otherwise, the catheter 30 is similar to the catheter 1.
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Referring now to FIG. 4, there is illustrated a portion of a
catheter 40 according to another embodiment of the inven
tion. The catheter 40 is substantially similar to the catheter 1,
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and similar components are identified by the same reference
numerals. The main difference between the catheter 40 and

the catheter 1 is that instead of the wires 10 being electrically
coupled to the adhesive backed tapes 7 of the corresponding
electrodes on an outer surface of the tapes 7, the skived ends
of the wires 10 corresponding to the respective electrodes 5
are entrapped between the tapes 7 and the catheter 1, in
similar fashion as that of the catheter 20. The adhesive back

ing 8 of the tapes 7 is an electrically conductive contact
adhesive, and the skived ends of the wires 10 are electrically
coupled to the corresponding tapes 7 by the adhesive backing

10

tive elements 61 formed in the sheet 62 of metallic foil and

8.

Although for convenience an axial medium accommodat
ing bore and radial medium accommodating bores have not
been illustrated in the catheter 40, such bores, if desired, may
also be provided.

15

Otherwise the catheter 40 is similar to the catheter 1.

Referring now to FIGS. 5 and 6, there is illustrated a
catheter according to another embodiment of the invention,
indicated generally by the reference numeral 50. The catheter
50 is substantially similar to the catheter 1 and similar com
ponents are identified by the same reference numerals. The
only difference between the catheter 50 and the catheter 1 is
that the skived ends of the wires 10 are accommodated in

longitudinally extending grooves 51 which extend longitudi
nally from the corresponding radial communicating opening

25

12. In fact, the construction of the catheter 50 is almost
identical to the construction of the catheter 20 of FIG. 2, with

the exception that the skived ends of the wires 10 are recessed
into the longitudinal grooves 51. The depth of each groove 51
is substantially similar to, but just less than, the diameter of

30

the transverse cross-section of the skived ends of the wires 10
so that when the skived ends of the wires 10 are located in the

corresponding grooves 51, the skived ends of the wires 10
abut the adhesive backing 8 of the tapes 7 of the correspond
ing electrodes 5. In this embodiment of the invention the
adhesive backing 8 of the tapes 7 of the electrodes 5 is an
electrically conductive contact adhesive for maintaining elec
trical continuity between the wires 10 and the respective tapes
7 of the corresponding electrodes 5.
Although for convenience an axial medium accommodat
ing bore and radial medium accommodating bores have not
been illustrated in the catheter 50, such bores, if desired, may
also be provided.
Referring now to FIGS. 7 to 10, there is illustrated a distal
portion of a catheter according to another embodiment of the
invention, indicated generally by the reference numeral 60.
The catheter 60 is substantially similar to the catheter 1, and
similar components are identified by the same reference
numerals. The catheter 60 comprises a plurality of axially
spaced apart electrodes 5 which extend completely circum
ferentially around the outer surface 6 of the catheter 60. Each
electrode 5 comprises an electrically conductive element 61,
and the electrically conductive elements 61 are formed from
a single sheet 62 of electrically conductive metallic foil of
thickness of the order of 35 microns to 50 microns having an
adhesive backing 63.
A protective releasable sheet 64 protects the adhesive back
ing 63 of metallic foil sheet 62. In this embodiment of the
invention the electrically conductive elements 61 extend cir
cumferentially completely around the catheter 60 to form the
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spaced relationship. In this embodiment of the invention the
electrically conductive elements 61 are to be equi-spaced
apart from each other, and accordingly, the connecting por
tions 66 of the metallic foil are of similar lengths extending
between the electrically conductive elements 61. The con
necting portions 66 retain the electrically conductive ele
ments 61 together and appropriately spaced apart until the
electrically conductive elements 61 have been bonded to the
catheter 5 by the adhesive backing 63.
To assemble the catheter 60, with the electrically conduc
connected together by the connecting portions 66, the protec
tive sheet 64 is removed from the adhesive backing 63, and
the electrically conductive elements 61 connected by the con
necting portions 66 are offered up to the catheter, with the
connecting portions 66 extending longitudinally of the cath
eter 60. With the connecting portions 66 extending longitu
dinally of the catheter 60 and the electrically conductive
elements 61 extending transversely thereof, the electrically
conductive elements 61 and the connecting portions 66 are
maneuvered axially along the catheter 60 until the electrically
conductive elements 61 are located at the appropriate loca
tions on the catheter 60 adjacent the corresponding radial
communicating openings 12. The connecting portions 66 are
then brought into contact with the catheter 60 and bonded
thereto by the adhesive backing 63. The electrically conduc
tive elements 61 are then wrapped around the catheter to form
the band electrodes 5 with free ends 67 of the electrically
conductive elements 61 abutting each other. The electrically
conductive elements 61 are then severed from the adjacent
connecting portions 66, which are removed from the catheter
60.
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However, in certain cases, it is envisaged that the connect
ing portions 66 may be left on the catheter 60, but would be
severed in order to break electrical continuity between the
adjacent electrically conductive elements 61. The insulated
electrically conductive wires 10 are then passed into the axial
communicating bore 9 through the radial communicating
openings 12 and are urged through the axial communicating
bore 9 to the proximal end 3 of the catheter 1. Free ends of the
wires 10 extending outwardly through the radial communi
cating openings 12 are skived and are electrically coupled to
the outer surface 68 of the corresponding electrically conduc
tive elements 61 by an electrically conductive adhesive 69 or
by Soldering or by other Suitable electrical coupling means.
Although not illustrated, an axial medium accommodating
bore similar to the axial medium accommodating bore 16 of
the catheter 1 may be provided extending axially through the
catheter 60 from the proximal end thereof towards the distal
end, and a plurality of radial medium accommodating bores
similar to the radial medium accommodating bores 17 of the
catheter 1 may be provided extending from the axial medium
accommodating bore through the catheter for accommodat
ing a fluid into or out of the axial medium accommodating
bore.

Otherwise, the catheter 60 is similar to the catheter 1, as is
its use.
60

Referring now to FIG. 11, there is illustrated a plurality of
electrically conductive elements 70 which have been formed
from a sheet 71 of electrically conductive metallic foil of
thickness of the order of 35 microns to 50 microns. The

electrodes 5 as band electrodes.

electrically conductive elements 70 are provided to form band

To form the electrically conductive elements 61, the sheet
62 of metallic foil is cut along the broken lines 65 illustrated
in FIG. 10 to form the electrically conductive elements 61 and
to form connecting portions 66 located between and connect
ing the electrically conductive members 61 in the appropriate

described with reference to FIGS. 1 to 10, and for bonding to
any one of the catheters of FIGS. 1 to 10. The foil sheet 71 is
similar to the foil sheet 62 of FIGS. 9 and 10, and comprises
an adhesive backing 73 which is protected by a protective

electrodes similar to the electrodes 5 of the catheters
65
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releasable sheet 74. The electrically conductive elements 70
are joined by a plurality of connecting portions 75 which form
an elongated connecting portion 76 from which the electri
cally conductive elements 70 extend transversely therefrom.
The elongated connecting portion 76 retains the electrically
conductive elements 70 together and appropriately spaced
apart until the electrically conductive elements 70 have been

16
80 is substantially similar to the catheter 1 and similar com
ponents are identified by the same reference numerals. The
main difference between the catheter 80 and the catheter 1 is
that in this embodiment of the invention the electrodes 5 are
5

bonded to the catheter.

In this embodiment of the invention prior to bonding the
electrically conductive elements 70 to any one of the catheters
of FIGS. 1 to 10, for example, the catheter 50 of FIGS. 5 and
6, a portion of the protective sheet 74 is peeled back from the
free ends 77 of the electrically conductive elements 70, and
the electrically conductive wires 10 are electrically coupled to
respective corresponding ones of the electrically conductive
elements 70 by the adhesive backing 73. The adhesive back
ing 73 is an electrically conductive contact adhesive in order
to provide electrical continuity between the wires 10 and the
corresponding electrically conductive elements 70. Alterna
tively, an additional electrically conductive adhesive as well
as the adhesive backing 73 may be used to electrically couple
the wires 10 to the corresponding electrically conductive

10

to the external diameter of the catheter 80, so that the electri
15

elements 70. Inafurther alternative embodiment of the inven

tion the electrically conductive wires 10 may be soldered or
welded to the electrically conductive elements 70 adjacent the

25

free ends thereof, however, in which case, the adhesive back

ing 73 would have to be removed from the electrically con
ductive elements 70 in respective local areas adjacent the
solder or weld joints, in order to facilitate soldering or weld
ing of the wires 10 to the electrically conductive elements 70.
On being electrically coupled to the electrically conductive
elements 70, the wires 10 are then threaded through corre
sponding ones of the radial communicating openings 12 of
the catheter 50 into the axial communicating bore 9 and in
turn through the axial communicating bore 9 to the proximal
end 3 of the catheter 50. When the wires 10 have been fully
threaded through the radial communicating openings 12 and
the first axial communicating bores 9, the free ends 77 of the
electrically conductive elements 70 are initially brought into
contact with the catheter 50 and bonded thereto by the adhe
sive backing 73. The portions of the protective sheet 74 on the
electrically conductive elements 70 are then progressively
peeled from the adhesive backing on the electrically conduc
tive elements 70 towards the elongated connecting portion 74,
and as the portions of the protective sheet 74 are being peeled
from the adhesive backing 73, the electrically conductive
elements 70 are progressively wrapped around the catheter
50, thereby progressively bringing the adhesive backing 73 of
the electrically conductive elements 70 into contact with the
catheter 50 for progressively bonding the electrically conduc
tive elements 70 to the catheter 50. On the electrically con
ductive elements 70 being bonded to the catheter 50, and
extending completely around the catheter 50 to form the
electrodes 5, the electrically conductive elements 70 are then
severed from the elongated connecting portion 76 in order to
mutually isolate the electrodes. Since the wires 10 are elec
trically coupled to the electrically conductive elements 70 on
the same side as the adhesive backing 73, the electrically
conductive wires 10 are electrically coupled to the electrically
conductive elements 70 on the underside thereof. Thus, the

electrically conductive coupling joints between the wires 10
and the electrically conductive elements 70 are located within
the respective radial communicating openings 12, thereby
minimising projections from the catheter 50.
Referring now to FIGS. 12 and 13, there is illustrated a
catheter according to another embodiment of the invention,
indicated generally by the reference numeral 80. The catheter

formed by electrically conductive elements 81 which are
machined from a single elongated hollow cylinder 82 of elec
trically conductive semi-rigid metallic material. The cylinder
82 is machined so that the electrically conductive elements 81
are in the form of endless bands, which are joined by con
necting portions 83 of the cylinder 82 for facilitating assem
bly of the electrically conductive elements 81 onto the cath
eter 80. The internal diameter of the cylinder 82 corresponds
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cally conductive elements 81 are a tight sliding fit on the
catheter 80. When formed, the electrically conductive ele
ments 81 while still joined by the connecting portions 83 are
slid over the catheter 80 and positioned with the electrically
conductive elements 81 located adjacent the corresponding
radial communicating openings 12, so that electrically con
ductive wires 10 can subsequently be electrically coupled to
outer surface 84 of the electrically conductive elements 81 by
an electrically conductive adhesive or by soldering or weld
ing. Once positioned on the catheter 80, the electrically con
ductive elements 81 are bonded and/or crimped onto the
catheter 80, and the connecting portions 83 are severed and
removed for mutually insulating the electrodes 81. The con
necting portions 83 may be severed or removed completely by
any Suitable means, for example, chemical etching or the like.
The wires 10 are then passed through the radial communicat
ing openings 12 into the axial communicating bore 9, and
urged along the bore 9 to the proximal end 3 of the catheter 80.
The distal ends of the wires 10 are skived and electrically
coupled to the corresponding electrically conductive ele
mentS.

35

In this embodiment of the invention the metallic material of

the cylinder, while it is semi-rigid, nonetheless is deformable
for facilitating crimping of the electrically conductive ele
ments 81 onto the catheter 80.

Otherwise, the catheter 80 is similar to the catheter 1.
40
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Referring now to FIG. 14, there is illustrated a catheter
according to a still further embodiment of the invention,
indicated generally by the reference numeral 90. The catheter
90 is substantially similar to the catheter 1, and similar com
ponents are identified by the same reference numerals. How
ever, in this embodiment of the invention the mutually insu
lated electrically conductive wires 10 instead of extending
through an axial communicating bore 9 are integrally moul
ded or extruded, and typically extruded with the material of
the catheter 90 in a wall 91 thereof, and extend through the
wall 91 around the catheter 90 in the form of a long pitch
helix. Contact is made with the wires 10 by skiving respective
portions 92 of the wall 91 of the catheter 90 adjacent locations
where electrodes 5 are to be provided. The wires 10 when
located in the skived portions 92 of the catheter 90 may be
either pulled out of the catheter 90 through the skived portions
92 by pulling the distal portion of the wires 10 through the
skived portions 92, and then the corresponding wires 10 may
be electrically coupled to the adjacent electrodes 5 by an
electrically conductive adhesive or by Soldering or welding.
Alternatively, the skived portion 92 of the catheter 90 may be
filled with solder or an electrically conductive adhesive so
that when the electrodes 5 are secured to the catheter 90, the

65

electrodes make electrical contact with the corresponding
wires 10 through the adhesive or solder formed in the skived
portions 92. In this embodiment of the invention the elec
trodes 5 are illustrated in broken lines extending over the
skived portions 92 where electrical contact is made between
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the electrodes 5 and the corresponding wires 10 through the
electrically conductive adhesive or solder formed in the
skived portions 92 of the catheter 90.
The electrodes 5 may be any suitable electrodes, band type
or otherwise, and if band type electrodes, may be provided in
the form of the electrodes of any of the catheters described

18
end 4 for delivering an electrically conductive fluid into the
vessel, cavity or lumen within which the distal end 4 of the
catheter 100 is located. A pair of spaced apart first radial
medium accommodating bores 17 extending radially through
5

accommodating bore 16 for accommodating fluid from the
first axial medium accommodating bore 16 into the vessel,
cavity or lumen in which the distal end 4 of the catheter 100

with reference to FIGS. 1 to 13.

As can be seen in this embodiment of the invention, an

axial medium accommodating bore 16 extends axially
through the catheter 90 and is closed at its distal end, and
radial medium accommodating bores 17 extend through the

is located, or vice versa.
10

A second axial medium accommodating bore 106 extends
longitudinally through the catheter 100 from the proximal
end 3 to the distal end 4, and a pair of second radial medium
accommodating bores 107 extending radially through the

15

modating bore 106 with the vessel, cavity or lumen in which

wall 91 of the catheter 90 between the electrodes 5 and

between the wires 10 into the axial medium accommodating
bore 16 for accommodating fluid into or out of the second
axial communicating bore 16.

catheter 100 communicates the second axial medium accom
the distal end 4 of the catheter 100 is located. The secondaxial

Otherwise, the catheter 90 is similar to the catheter 1.

medium accommodating bore 106 may be used for monitor
ing the pressure of fluid pumped into the vessel, cavity or

Referring now to FIGS. 15 to 23, there is illustrated a
catheter according to a further embodiment of the invention,
indicated generally by the reference numeral 100, which is
produced by a method according to another embodiment of

lumen in which the distal end 4 of the catheter 100 is located

the invention, which will be described in detail below. The

catheter 100 is substantially similar to the catheter 1, and
similar components are identified by the same reference
numerals. The catheter 100 according to this embodiment of
the invention is particularly Suited for use in determining
transverse cross-sectional dimensions of a vessel, cavity,

25

lumen or the like into which the catheter 1 is introduced. The

catheter 1 is also particularly Suitable for use in conjunction
with an inflatable element located around the catheter of the

type which will be described in more detail below, with ref
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the catheter 100 will now be described. The electrodes 5 are
microns to 50 microns. In this embodiment of the invention

35

the sheet 110 is not provided with an adhesive backing. Slots
111 are formed in the sheet110 to define electrically conduc
tive elements 114, which in turn form the electrodes 5,

40

extending between respective elongated side connecting por
tions 112 and 113. The slots 111 define the electrically con
ductive elements 114 extending parallel to each other. The
side connecting portions 112 and 113 act to retain the elec
trically conductive elements 114 together and appropriately
spaced apart from each other until the electrically conductive
elements have been bonded to the catheter 100. The electri
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electrodes 5.

A portion of the axial communicating bore 9 extends
through the catheter 100 relatively closely to the outer cir
cumferential surface 6 of the catheter 100 at one portion
thereof for facilitating the formation of a single radial com
municating opening, which in this case is a longitudinally
extending elongated communicating slot 105 for accommo
dating the loom 103 of the wires 10 therethrough from the
axial communicating bore 9 for electrically coupling the
wires 10 to the respective corresponding electrodes 5.
A first axial medium accommodating bore 16 extends
through the catheter 100 from the proximal end 3 to the distal

by using suitable pressure monitoring apparatus located at the
proximal end 3 of the catheter 100 or remotely therefrom.
Ends of the axial communicating bore 9 and the first and
second medium accommodating bores 16 and 106 adjacent
the distal end 4 of the catheter 100 are sealed by a suitable
sealant, a plug or a closure cap, or by melting the distal end 4
of the catheter 100. The end of the axial communicating bore
9 at the proximal end of the catheter 100 with the wires 10
extending therethrough is also sealed.
Referring now to FIGS. 16 to 23, the method for producing
formed from a single sheet 110 of the electrically conductive
metal foil material, typically, of thickness of the order of 35

erence to FIGS. 24 and 25.

Referring now in particular to FIG. 15, the catheter 100 is
of an extruded polymer material, and extends between a
proximal end 3 and a distal end 4. A plurality of spaced apart
electrodes 5, namely, two stimulating electrodes 101 and
seventeen receiving electrodes 102 are bonded to the catheter
100 adjacent its distal end 4. The electrodes 5 are of electri
cally conductive metal foil material and extend completely
around the catheter 100 with respective opposite ends of the
electrodes 5 abutting each other.
Referring now to FIGS. 16 to 23, an axial communicating
bore 9 extending longitudinally through the catheter 100 from
the proximal end 3 to the distal end 4 accommodates a loom
103 of the mutually insulated electrically conductive wires 10
from the proximal end 3 to the electrodes 5 for individually
coupling the respective electrodes 5 to remote electronic con
trol and analysing apparatus (not shown) provided externally
and independently of the catheter 100 for applying stimulat
ing signals to the stimulating electrodes 101 and analysing
resulting signals produced on the receiving electrodes 102 in
response to the stimulating signal for determining character
istics of a vessel, cavity or lumen in which the distal end 4 of
the catheter 100 is located as will be briefly described below.
One insulated wire 10 is provided for each electrode 5, and
thus, nineteen wires 10 are provided in the loom 103 for the

the catheter 100 communicate with the first axial medium
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cally conductive elements 114 which form the receiving elec
trodes 102 are retained equi-spaced apart from each other, and
the electrically conductive elements 114 which form the
stimulating electrodes 101 are retained spaced apart from the
respective adjacent receiving electrodes 102 a distance
greater than the spacing between the receiving electrodes
102, although the spacing between the stimulating electrodes
101 and the adjacent receiving electrodes 102 may be equal to
or less than the spacing between the receiving electrodes 102.
The length of the electrically conductive elements 114
between the side connecting portions 112 and 113 is such that
the electrically conductive elements 114 extend completely
around the catheter 100 with free ends 115 thereof abutting
each other, although if desired, the electrically conductive
elements 114 could be of length such that the free ends 115
thereof overlap when wrapped around the catheter 100.
After the electrically conductive elements 114 extending
between the connecting portions 112 and 113 have been
formed by the slots 111, the wires 10 are electrically coupled
to the electrically conductive elements 114 intermediate the
free ends 115 thereof, and substantially centrally relative to
the free ends 115. The electrical coupling of the wires 10 to
the electrically conductive elements 114 may be by soldering,
by an electrically conductive adhesive, by induction welding
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or the like. The wires 10 are soldered, welded or bonded to the

electrically conductive elements 114 So that the coupling joint
is located on the underside 116 thereof when the electrically
conductive elements 114 are bonded to the catheter 100.

With the wires 10 electrically coupled to the electrically
conductive elements 114, two elongated pieces of double
sided adhesive tape 118 are secured to the electrically con
ductive elements 114 on respective opposite sides of the
locations at which the wires 70 are electrically coupled to the
electrically conductive elements 114, and between the wires
10 and the respective free ends 115 of the electrically con
ductive elements 114. The double-sided tapes 118 are secured
to the electrically conductive elements 114 extending parallel
to the connecting portions 112 and 113, and with the elec
trodes 5 extending transversely of the tapes 118. The double
sided tapes 118 are provided with protective releasable sheets
extending on respective opposite faces of the tapes 118 for
protecting the adhesive on the respective opposite faces
thereof. Only one of the protective sheets is removed from
each of the tapes 118 as the tapes 118 are being secured to the
electrically conductive elements 114. The remaining protec
tive sheet, namely, the protective sheet 119 on each of the
tapes 118 is not removed until the electrically conductive

10

Slot 105.
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elements 114 are about to be bonded to the catheter 100.

The wires 10 having been electrically coupled to the elec
trically conductive elements 114 are next inserted into the
axial communicating bore 9 through the communicating slot
105, and are urged through the axial communicating bore 9
until they extend outwardly thereofthrough the proximal end
3. With the wires 10 extending through the communicating
slot 105, and with the double-sided adhesive tapes 118
secured to the electrically conductive elements 114, the elec
trically conductive elements 114 are located on the catheter
100 extending transversely of the communicating slot 105
with the side connecting portions 112 and 113 extending
parallel to the catheter 100. The remaining protective sheets
119 are then removed from the double-sided adhesive tapes
118 and the electrically conductive elements 114 are wrapped
around the catheter 100 on respective opposite sides of the
communicating slot 105, and are bonded to the catheter 100
by the double-sided adhesive tapes 118.
The electrically conductive elements 114 are then severed
from the respective connecting portions 112 and 113 adjacent
the free ends 115 thereof. The portion of the respective tapes
118 adjacent the free ends 115 of the electrically conductive
elements 114 along with the free ends 115 of the electrically
conductive elements 114 are urged into engagement with the
catheter 101 for securing the free ends 115 thereof to the
catheter 100. As discussed above, the length of the electrically
conductive elements 114 between their respective free ends
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115 is such that when the free ends 115 are secured to the

catheter 100 by the double-sided adhesive tapes 118, the free
ends 115 of the electrically conductive elements 114 abut
each other to form the electrodes 5 as band electrodes. Since

the electrodes 5 have been severed from the respective con
necting members 112 and 113, the electrodes 5 are mutually
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insulated from each other. In this embodiment of the inven

tion both the double-sided adhesive tapes 118 and the adhe
sives thereof are non-electrically conductive in order to
ensure mutual insulation of the electrodes 5.
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In an alternative method for bonding the electrically con
ductive elements 114 to the catheter 100, the wires 10 are

initially inserted into the axial communicating bore 9 through
the communicating slot 105 and urged along the axial com
municating bore 9 to extend through the proximal end 3
thereof. The distal portions of the wires 10 extending out
wardly through the communicating slot 105 are then electri

20
cally coupled to the respective electrically conductive ele
ments 114, which at this stage are provided with the
respective double-sided tapes 118 located thereon extending
parallel to the respective side connecting portions 112 and
113. The wires 10 are then further pulled through the axial
communicating bore 9 from the proximal end thereof, thereby
urging the electrically conductive elements 114 towards the
catheter 100 adjacent the communicating slot 105. By further
manipulation of the wires 10 and the electrically conductive
elements 114, the electrically conductive elements 114 are
located in the desired respective locations on the catheter 100
and are located extending transversely of the communicating
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The protective sheet 119 is then progressively removed
from one of the double-sided adhesive tapes 118 and the
portions of the electrically conductive elements 114 adjacent
that double-sided adhesive tape 118 are progressively
wrapped around the catheter, thereby progressively urging
the double-sided adhesive tape 118 into engagement with the
catheter for bonding the corresponding portions of the elec
trically conductive elements 114 to the catheter. The adjacent
side connection portion 112 or 113 is then severed from the
electrically conductive elements 114. The protective sheet
119 of the other double-sided adhesive tape 118 is then pro
gressively removed from the remaining double-sided adhe
sive tape 118, and the remaining portions of the electrically
conductive elements 114 are progressively wrapped around
the catheter 100, thereby progressively urging the corre
sponding double-sided adhesive tape 118 into bonding
engagement with the catheter 100 for bonding the corre
sponding portions of the electrically conductive elements 114
to the catheter 100. Prior to bonding the free ends of the
remaining portions of the electrically conductive elements
114 to the catheter 100, the remaining one of the side con
necting portions 112 and 113 is severed from the electrically
conductive elements 114, and the free ends of the electrically
conductive elements 114 are then urged towards the catheter,
for bonding thereof with the adjacent double-sided adhesive
tape 118. Since, as discussed above, the electrically conduc
tive elements 114 are of length to extend completely around
the catheter 100 with the respective free ends of each electri
cally conductive element abutting each other, once the
remaining free ends of the electrically conductive elements
114 have been bonded to the catheter 100 by the correspond
ing double-sided adhesive tape 118, the respective free ends
of each electrically conductive element 114 abut each other so
that the electrically conductive elements 114 form band type
electrodes extending completely around the catheter 100.
The portions of the double-sided adhesive tapes 118 inter
mediate the electrodes 5, in general, is left on the catheter.
However, if desired, the portions of the double-sided adhesive
tapes 118 intermediate the electrodes 5 could be removed.
Alternatively, if desired, instead of applying the double
sided adhesive tapes 118 initially to the electrically conduc
tive elements 114, the double-sided adhesive tapes 118 could
instead be initially applied to the catheter 100 extending
longitudinally on respective opposite sides of the communi
cating slot 105, and the electrically conductive elements 114
would then be secured to the double-sided tapes 118 as the
electrically conductive elements 114 are being simulta
neously wrapped around the catheter 100.
It is also envisaged that instead of securing the electrically
conductive elements 114 to the catheter 100 by double-sided
adhesive tapes 118, the electrically conductive elements 114
could be secured to the catheter 100 by an adhesive, which
could be applied directly to the underside of the electrically
conductive elements 114 or to the outer surface 6 of the
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catheter 100. Indeed, in certain cases, it is envisaged that
openings may be provided in the electrically conductive ele
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cate with the annulus 133 through the first and second radial
medium accommodating bores 17 and 107, respectively. The
balloon 132 is inflatable by delivering an electrically conduc
tive inflating medium, which typically, is a Saline solution,

ments 114 at suitable locations intermediate the locations at

which the wires 10 are secured to the electrically conductive
elements 114 and the free ends 115 thereof for facilitating
injecting a suitable adhesive therethrough between the elec
trically conductive elements 114 and the outer surface 6 of the

when it is desired to determine measurement characteristics

Such as transverse cross-sectional area, diameter and Volume

catheter 100.

Turning now to the catheter 100, the catheter 100 is
extruded, and the axial communicating bore 9 as well as the
first and second axial medium accommodating bores 16 and
106 are formed as the catheter 1 is being extruded. The bores
9, 16 and 106 are formed so that respective portions of the
bores 9 and 106 along their lengths at locations 120, 121 and
123, respectively, are located relatively closely to the outer
surface 6 of the catheter 100. After extrusion, the elongated
communicating slot 105 is formed towards the distal end 4 of
the catheter 100, so that the communicating slot 105 commu
nicates directly with the axial communicating bore 9. The
communicating slot 105 may be formed by machining
through the portion 120 of the catheter 100 by a suitable
implement, or by skiving a portion of the catheter 100 at 120
until the axial communicating bore 9 is exposed, or by any
other Suitable process, such as thermal ablation, laserablation
or the like.

Where the catheter 100 is to be used for determining
dimensional characteristics of a vessel, a cavity or lumen, for
example, a blood vessel Such as an artery, a cavity, for
example, a heart cavity, oralumen, for example, the oesopha
gus or the like, the catheter 100 is appropriately introduced
into the vessel, cavity or lumen so that the distal end 4 is
located in the vessel, cavity or lumen. A suitable fluid, which
may, for example, bean electrically conductive liquid, Such as
a saline Solution is then pumped through the first axial
medium accommodating bore 16 to fill the vessel, cavity or
lumen. The pressure of the saline solution in the vessel, cavity
or lumenis monitored by monitoring the pressure of the saline
Solution in the second axial medium accommodating bore
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within which the balloon 132 is located, the dimensional

characteristics of the vessel, cavity or lumen are determined
by applying a stimulus current signal of known current value
to the stimulating electrodes 101 and reading the resulting
Voltage signals on the receiving electrodes 102, as has already
25
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catheter 131 within the annulus 133. The first and second

axial medium accommodating bores 16 and 106 communi

catheter 131. However, coating of the balloon 132 and/or the
catheter 131 with a low friction coating is not essential.
While the catheters according to the invention have been
described for determining dimensions of characteristics of a
vessel, cavity or lumen, the catheters and the balloon catheter
may be used for other purposes. In particular, the balloon
catheter may be used for dilating a lumen or dilating an
obstruction in a lumen, vessel or cavity by inflation thereof,
and the degree of dilation would be monitored by determining
tion or otherwise is being dilated. Alternatively, the catheters
may be used for ablating tissue by appropriately applying
Suitable high power radio frequency signals to the electrodes
5. For example, the balloon catheter may be used for ablating
tissue, for example, tissue in a vessel, cavity or lumen, Such
as, for example, the oesophagus or the like. In which case, it
is envisaged that two electrodes would be sufficient for ablat
ing the tissue, and the two ablating electrodes would be
located on the outer circumferential surface of the balloon.
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Needless to say, the uses to which the catheters and the
balloon catheter may be put are many, and will be readily
apparent to those skilled in the art.
The catheters according to the invention are of a construc
tion which particularly lends itself to catheters of relatively
Small diameter, typically of outer diameter of, for example, 2
mm to 7 mm, and also the construction of the catheters
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catheter 131 to define with the catheter 131 a hollow interior

region in the form of an annulus 133. The stimulating elec
trodes 101 and the receiving electrodes 102 are located on the

catheter 131 are coated with a low friction coating 134 for
facilitating urging of the balloon catheter 130 through a work
ing channel of for example, an endoscope or the like. In this
embodiment of the invention the low friction coating is of a
hydrophilic material, namely, Parylene, which is plasma
deposited to a depth of approximately 0.5 microns to 2

the dimensional characteristics of the balloon as the obstruc

in the art.

Referring now to FIGS. 24 and 25, there is illustrated a
balloon catheter also according to the invention, indicated
generally by the reference numeral 130. The balloon catheter
130 comprises a catheter 131 which is identical to the catheter
100, and similar components are identified by the same ref
erence numerals. An expandable element comprising an
inflatable balloon 132 is secured to the catheter 131 adjacent
the distal end 4 thereof and extends completely around the

been described with reference to the catheter 100.
In this embodiment of the invention the balloon 132 and the

microns on the external surface of the balloon 132 and the

106.

Stimulus current signals of known current value are
applied by the electronic control and analysing apparatus (not
shown) to the stimulating electrodes 101, and resulting volt
age signals on the receiving electrodes 102 in response to the
stimulus current signals on the stimulating electrodes 101 are
read by the control and analysing apparatus for determining
the electrical impedance in the saline solution between the
stimulating electrodes 101 and the receiving electrodes 102.
and between adjacent ones of the receiving electrodes 102,
which in turn permits a determination of the transverse cross
sectional area of the vessel, cavity or lumen to be determined
adjacent the respective receiving electrodes 102. The use of
Such catheters for determining dimensional characteristics of
a vessel, cavity or lumen will be well known to those skilled

of a vessel, cavity or lumen within which the balloon 132 of
the balloon catheter 130 is located. Inflating of the balloon
132 to define the transverse cross-section of the vessel, cavity
or lumen is carried out by pumping the saline solution into the
annulus 133 through the first axial medium accommodating
bore 16. The pressure of the saline solution in the annulus 133
is monitored during inflating of the balloon 132 by a pressure
sensor (not shown), which monitors the pressure in the saline
Solution in the second axial medium accommodating bore
106. On the balloon 132 being inflated to the appropriate
pressure to abut the side wall of the vessel, cavity or lumen
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according to the invention is particularly Suitable for catheters
in which a relatively large number of axially spaced apart
electrodes of relatively small axial width are required, for
example, electrodes of 1 mm to 5 mm axial wide, with cor
respondingly dimensioned axial spacing therebetween. Addi
tionally, the catheters according to the invention can be pro
duced of a relatively flexible polymer material, and the
provision of the electrodes on the catheter do not to any great
extent affect the flexibility of the catheter.
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control and analysing apparatus, it is envisaged in certain
cases that the number of wires extending through the catheter
may be reduced by multiplexing some or all of the signals
from the receiving electrodes onto one or more wires. The
multiplexing could be carried out by a multiplexer located in
the balloon or in the catheter adjacent the electrodes.
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In the embodiments of the invention described, while the

electrically conductive tape, foil and metal are of relatively
small thickness, and typically, of thickness of the order of 35
microns to 50 microns, the electrically conductive tape, foil
and metal may be of thickness up to 200 microns. By provid
ing the electrodes as being of electrically conductive tape, foil

The invention claimed is:

or metal of such thickness, the electrodes add little to the
overall diameter of the catheters, and furthermore, do not

provide obstructive steps as the catheter is being passed
through a hollow organ, Vessel, lumen or the like. Indeed, the
catheters are of a particularly desirable construction, since
they minimise the overall outer diameter of the catheter adja
cent the electrodes, and furthermore, in many of the catheters
according to the invention, the wires are completely con
cealed within the catheter.

While the catheters according to the invention have been
described as comprising first and second axial and radial
medium accommodating bores for accommodating a fluid
therethrough, in certain cases, the first and second axial and
radial medium accommodating bores or at least one of the
first and second axial and radial medium accommodating
bores may be omitted. Indeed, more than two axial medium
accommodating bores may be provided, and furthermore,
many more radial medium accommodating bores may be
provided for each axial medium accommodating bore, in
order to facilitate rapid and even filling of the balloon with the
inflating medium.
The electrodes of the catheters according to the invention
may be coupled to electronic control and analysing apparatus
in any suitable or desired configuration. For example, it is
envisaged that some of the electrodes may be coupled to be
configured as stimulating electrodes, and others would be
coupled to be configured as receiving electrodes. Typically, a
stimulating Voltage or current would be applied to the stimu
lating electrodes, and the resulting Voltages or currents on the
receiving electrodes would be read by the electronic control
and analysis apparatus. When so configured, the catheter
would be suitable for measuring the volume and/or diameters
of a cavity along the axial length of the catheter. In Such cases,
in general, the two outermost electrodes would be configured
to be stimulating electrodes, and the remaining electrodes
between the two outermost electrodes would be configured to
be receiving electrodes.
In general, it is envisaged that the catheters or at least that
portion of the catheters onto which the electrodes are secured
will be of a non-electrically conductive material, for example,
a plastics material, a polymer or the like.
While the electrodes have been described as being band
type electrodes which extend completely around the catheter,
it is envisaged that in certain cases, the electrodes may not
extend completely around the catheter.
Furthermore, while the electrically conductive inflating
medium has been described as a saline solution, any other
suitable electrically conductive medium may be used where it
is desired that the inflating medium of the balloon be electri
cally conductive.
While the balloon has been described as being of cylindri
cal configuration when inflated, the balloon may be of any
other shape, and may be of any other transverse cross-section
besides circular. For example, the balloon when inflated may
be of square, rectangular, triangular, hexagonal, polygonal or
any other desired transverse cross-section, and in certain
cases, it is envisaged that the transverse cross-section of the
balloon may be matched to the cross-section of the lumen or
cavity into which they are to be inserted.
While a plurality of wires have been described extending
through the catheter for coupling the respective electrodes to
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1. A method for producing a catheter with a plurality of
spaced apart electrodes thereon, the method comprising:
forming the electrodes from respective electrically con
ductive elements, the electrically conductive elements
being formed from a single sheet of electrically conduc
tive material with the electrically conductive elements
being spaced apart from each other and being joined by
connecting portions formed by portions of the single
sheet of electrically conductive material between the
electrically conductive elements, the electrically con
ductive elements being of length sufficient to extend at
least partly around the catheter,
bonding the electrically conductive elements to the cath
eter with the electrically conductive elements being
joined by the connecting portions and extending at least
partly around the catheter, and
severing each connecting portion from at least one of the
electrically conductive elements which are joined by the
connecting portion Subsequent to the electrically con
ductive elements being bonded to the catheter to form
the electrodes thereon.
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2. A method as claimed in claim 1 in which the electrically
conductive elements are bonded to the catheter by progres
sively wrapping the electrically conductive elements around
the catheter.
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3. A method as claimed in claim 1 in which the single sheet
of the electrically conductive material comprises a single
sheet of electrically conductive foil material.
4. A method as claimed in claim 3 in which the connecting
portions extend between the respective adjacent ones of the
electrically conductive elements intermediate the ends
thereof.
5. A method as claimed in claim 1 in which each electri

cally conductive element is electrically coupled to a corre
sponding electrically conductive wire.
6. A method as claimed in claim 5 in which a plurality of the
spaced apart electrically conductive elements are bonded to
the catheter by at least one elongated piece of double-sided
adhesive tape.
7. A method as claimed in claim 5 in which an axial com
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municating bore is formed in the catheter extending from a
proximal end thereof to a location adjacent the electrodes for
accommodating the electrically conductive wires from the
electrodes to the proximal end of the catheter, and at least one
radial communicating opening is formed extending through
the catheter adjacent the electrodes for accommodating the
electrically conductive wires from the electrodes into the
axial communicating bore.
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cally conductive wire is electrically coupled to the surface of
the corresponding electrically conductive element remote
from the catheter subsequent to the electrically conductive
element being bonded to the catheter.
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8. A method as claimed in claim 5 in which each electri

9. A method as claimed in claim 1 in which each electri

cally conductive element is of length sufficient to form the
corresponding electrode as a band electrode extending com
pletely around the catheter.
65

10. A method as claimed in claim 1 in which each electri

cally conductive element is bonded to the catheter by an
adhesive.
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11. A method as claimed in claim 1 in which the electrically
conductive elements are bonded to the catheter by a double
sided adhesive tape.
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electrically conductive wire subsequent to the electrically
conductive element being bonded to the catheter.

17. A method as claimed in claim 6 in which the at least one

12. A method as claimed in claim 11 in which the double

sided adhesive tape is bonded to the corresponding electri
cally conductive element prior to bonding to the catheter.
13. A method as claimed in claim 1 in which the connecting
portions form an elongated connecting portion, and the elec
trically conductive elements extend transversely from the
elongated connecting portion at spaced apart intervals there

10

from.

14. A method as claimed in claim 1 in which a pair of
spaced apart elongated connecting portions are provided and
the electrically conductive elements extend transversely
between the elongated connecting portions.
15. A method as claimed in claim 5 in which each electri

cally conductive element is coupled to the corresponding
electrically conductive wire prior to the electrically conduc
tive element being bonded to the catheter.
16. A method as claimed in claim 5 in which each electri

cally conductive element is coupled to the corresponding

elongated piece of double-sided adhesive tape is located on
the electrically conductive elements to at least one side of the
locations at which the corresponding electrically conductive
wires are coupled thereto.
18. A method as claimed in claim 6 in which two elongated
pieces of the double-sided adhesive tape are located on the
electrically conductive elements on respective opposite sides
of the locations at which the corresponding electrically con
ductive wires are coupled to the electrically conductive ele
mentS.
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19. A method as claimed in claim 6 in which the respective
electrically conductive elements extend transversely relative
to each elongated piece of double-sided adhesive tape.
20. A method as claimed in claim 1 in which each electri

cally conductive element is of length sufficient to form the
corresponding electrode as a band electrode extending com
pletely around the catheter with one end of the electrically
conductive element overlapping the opposite end thereof.
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